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PRGHOFRQVLVWRIFXEHSRLQWVFHQWUDOSRLQWVDQGD[LDOSRLQWV7KHYDOXHRIĮZDV7KHXSSHUDQG ORZHU
OLPLWVRIWKHIDFWRUVZHUHFRGHGDV DQGUHVSHFWLYHO\7KHFRGHGYDOXHVRILQWHUPHGLDWHOHYHOVFDQEH REWDLQHG
IURPWKHHTXDWLRQ
)LJD([SHULPHQWDOVHWXS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:KHUH;L LV WKH UHTXLUHG FRGHG YDOXH RI WKH YDULDEOH ; DQG; LD DQ\ YDOXH RI YDULDEOH IURP;PLQ WR ;PD[ 7KH
UHVSRQVHYDULDEOHVVWXGLHGDUHWDQJHQWLDO);DQGUDGLDO)<FXWWLQJIRUFHV7KHH[SHULPHQWDOGHVLJQPDWUL[FRQVLVWV
RIUXQVDQGUHVSRQVHYDULDEOHVDUH); DQG)<7KHFXWWLQJIRUFHVZHUHPHDVXUHG XVLQJ.LVWOHUWKUHHFRPSRQHQW
G\QDPRPHWHURI W\SH%FRQQHFWHGZLWKPXOWLFKDQQHODPSOLILHURI W\SH%DQGDGDWDDFTXLVLWLRQV\VWHP
7KHDUUDQJHPHQWRIWKHH[SHULPHQWLVVKRZQLQWKH)LJ
 ([SHULPHQWDOVHWWLQJ
7KHD[LVRIWKHG\QDPRPHWHUZDV DOLJQHGZLWKWKHD[LVRIWKHPDFKLQLQJWDEOHRIWKHYHUWLFDO&1&PLOOLQJFHQWUH
EHIRUH FRQGXFWLQJ WKH H[SHULPHQWV )LUVWO\ WKH ,VKDSHG ZRUNSLHFH WRS VXUIDFH ZDV PDFKLQHG ZLWK WKH IODW HQG
PLOOLQJ FXWWHU KDYLQJ  LQVHUWV 7R VXUH WKH IODWQHVV RI WKH QHZO\ PDFKLQHG VXUIDFH LW ZDV PHDVXUHG ZLWK QRQ
FRQWDFWLQJ ODVHU SUREH 7KH GLIIHUHQFH LQ WKH IODWQHVV ZDV  PLFURPHWUH 7KH VHW RI  H[SHULPHQWV ZHUH
SHUIRUPHGLQWZRVWHSVRQWKH,VKDSHG$O7ZRUNSLHFHRIOHQJWKPPDQGZLGWKPP,QWKHILUVWVWHS
WKHZKROHOHQJWKRIWKHZRUNSLHFHZDVGLYLGHGLQWRJULGVHYHQO\$IWHUFROOHFWLQJWKHGHVLUHGGDWDWKHZRUNSLHFH
ZDVDJDLQSUHSDUHGZLWKWKHVLPLODUZD\VWDWHGDERYH,QWKHVHFRQGVWHSH[SHULPHQWVZHUHSHUIRUPHG7KHZLGWK
RIFXWLQHDFKVHW RIH[SHULPHQWZDVPPWKHH[SHULPHQWZDVSHUIRUPHGLQVWDQGDUGRUGHU )RUHDFKH[SHULPHQW
WKUHHVHWVRIFXWWLQJIRUFHFRPSRQHQWVGDWDZHUHPHDVXUHGLQWDQJHQWLDO)[DQGUDGLDO)\GLUHFWLRQVUHVSHFWLYHO\
$IWHUUHFRUGLQJWKHIRUFHVDYHUDJHYDOXHV RIIRUFHVZHUHDQDO\]HGEHWZHHQDQGʌKDOIURWDWLRQRIWKHFXWWLQJWRRO
RYHUDOOZLGWKRIWKHFXWDQGFRQVLGHULQJPD[LPXPFXWWLQJIRUFHLQKDOIURWDWLRQ6LQFHWKHGDWDZHUHWRRPXFKWKH
DYHUDJHIRUFHZDVWDNHQRQILYHVDPSOHVRIVWDEOHFXWWLQJEHWZHHQ DQGʌ
 5HVXOWVDQGGLVFXVVLRQ
7KH UHVSRQVH VXUIDFHPRGHOZKLFK LV DQ DQDO\WLFDO IXQFWLRQ LQ SUHGLFWLQJ FXWWLQJ IRUFHV LQ WDQJHQWLDO DQG UDGLDO
GLUHFWLRQ LV GHYHORSHG XVLQJ 560 LQ 0,1,7$%  VRIWZDUH DQG REWDLQHG UHVXOWV DUH XVHG IRU IXUWKHU DQDO\VLV
IROORZLQJ WKH VWHSV LQ VHFWLRQ 2Q DQDO\]LQJ WKH UHVSRQVH VXUIDFH GHVLJQ WKH H[DPLQDWLRQ RI WKH )LW VXPPDU\
RXWSXWVKRZVWKDWWKHTXDGUDWLFPRGHOLVVWDWLVWLFDOO\VLJQLILFDQWIRU); DQG)< VKRZQLQWKH7DEOHDQGKHQFHLWZLOO
EHXVHGIRUIXUWKHUDQDO\VLV ,QWKHSUHVHQWVWXG\WKHGHVLUHGOHYHORIFRQILGHQFHZDVFRQVLGHUHGWREH7KH)
YDOXHIRUWKHODFNRIILWRIGHYHORSHGPRGHOVKRXOGQRWH[FHHGWKHVWDQGDUGWDEXODWHG)YDOXHWKHQWKHUHODWLRQVKLS
PD\EHFRQVLGHUHGWREHDGHTXDWH$WFRQILGHQFHOLPLWWKHVWDQGDUGWDEXODWHG)YDOXHLV7KHFDOFXODWHG
)YDOXHDWFRQILGHQFHOLPLWRIODFNRIILWRIWKHPRGHOGHYHORSHGLVDQGIRU); DQG)< UHVSHFWLYHO\DV
VKRZQ LQ WKH 7DEOH 7KXV WKHPRGHO LV DGHTXDWH 7KH SYDOXH RI ODFN RI ILW IRU ); DQG )< LV  DQG 
UHVSHFWLYHO\ZKLFKDUHJUHDWHUWKDQWKXVWKHODFNRIILWLVLQVLJQLILFDQW7KHLQVLJQLILFDQWWHUPVDUHUHGXFHGE\
EDFNZDUGHOLPLQDWLRQSURFHVVRQHE\ RQH7KHUHVXOWLQJ$129$WDEOHRI); DQG)< IRUWKHUHGXFHGPRGHOLVVKRZQ
LQ WKH 7DEOH  7DEOH  LQGLFDWHV WKDW WKH UHGXFHG PRGHO LV VWLOO DGHTXDWH 7KH UHGXFHG HVWLPDWHG UHJUHVVLRQ
FRHIILFLHQWRI); DQG)< DIWHUEDFNZDUGHOLPLQDWLRQSURFHVVDUHVKRZQLQWKH7DEOH
7DEOH $QDO\VLVRIYDULDQFHIRUFXWWLQJIRUFHFRPSRQHQWV); DQG)<
&XWWLQJIRUFHFRPSRQHQWV )YDOXH
/DFNRI)LW
SYDOXH 5 5DGM
7DQJHQWLDOIRUFH);    
5DGLDOIRUFH)<    
1628   Mithilesh Kumar Dikshit et al. /  Procedia Materials Science  5 ( 2014 )  1623 – 1632 
7DEOH $QDO\VLVRIYDULDQFHIRUFXWWLQJIRUFHFRPSRQHQWV);)<DQG)=5HGXFHGPRGHOEDFNZDUGHOLPLQDWLRQ
&XWWLQJIRUFHFRPSRQHQWV )YDOXH
/DFNRI)LW
SYDOXH 5 5DGM
7DQJHQWLDOIRUFH);    
5DGLDOIRUFH)<    
7DEOH(VWLPDWHGUHJUHVVLRQFRHIILFLHQWIRU); DQG)<5HGXFHGPRGHOEDFNZDUGHOLPLQDWLRQ
); )<
7HUP &RHIILFLHQWV SYDOXH &RHIILFLHQWV SYDOXH
&RQVWDQW    
;    
;    
;    
;    
;    
;    
;    
;    
;;    
;;    
;;    
;;    
;;    
;;    
5 LVDPHDVXUHRIWKHDPRXQWRIUHGXFWLRQLQWKHYDULDELOLW\RIUHVSRQVHREWDLQHGE\XVLQJWKHUHJUHVVRUYDULDEOHVLQ
WKHPRGHO$ODUJHYDOXHRI5 GRHV QRWQHFHVVDULO\LPSO\WKDWWKHUHJUHVVLRQPRGHOLVJRRG$GGLQJDYDULDEOHWRWKH
PRGHOZLOODOZD\VLQFUHDVHLQ5%HFDXVH5 DOZD\VLQFUHDVHDVWHUPVDUHDGGHGWRWKHPRGHODGMXVWHG5 5 $GM
LVSUHIHUUHG,WRIWHQGHFUHDVHVLIXQQHFHVVDU\WHUPVDUHDGGHG'&0RQWJRPHU\ ,QWKHSUHVHQWVWXG\WKH5
$GMYDOXHLVKLJKDQGFORVHWRXQLW\ZKLFKLVGHVLUDEOH:KHQ5 $GMDSSURDFKHVXQLW\WKHUHVSRQVHPRGHOILWV
WKHDFWXDOGDWDEHWWHU7KH5 $GMLVFORVHWRXQLW\IRUWKHUHGXFHGPRGHO); DQG)< DVVKRZQLQWKH7DEOH7KH
YDOXHRI5 $GMRIUHGXFHGPRGHOIRU);  LQGLFDWHVWKDWWKHRIWKHWRWDOYDULDELOLW\LVH[SODLQHGE\
WKHPRGHODIWHUFRQVLGHULQJWKHVLJQLILFDQWWHUPV:KHQWKHGLIIHUHQFHEHWZHHQ5 DQG5 $GMLVODUJHWKHUHZLOO
EHJRRGFKDQFHWKDWLQVLJQLILFDQWWHUPVKDYHEHHQLQFOXGHGLQWKHPRGHO$VLQGLFDWHGLQWKH7DEOHIRUWDQJHQWLDO
FXWWLQJIRUFHWKHGLIIHUHQFHRI5 DQG5 $GMLVUHDVRQDEO\YHU\ORZHTXDOWR6LPLODUO\IRU)<RI
WRWDOYDULDELOLW\LVH[SODLQHGE\WKHPRGHODVVKRZQLQWKH7DEOH7KHQRUPDOSUREDELOLW\SORWRIWKHUHVLGXDOVIRU
WKHFXWWLQJIRUFHFRPSRQHQWVDUHVKRZQLQWKH)LJ)URPWKHILJXUHVUHYHOWKDWWKHUHVLGXDOIDOORQDVWUDLJKWOLQH
ZKLFKLQGLFDWH WKDWWKHHUURUVDUHQRUPDOO\GLVWULEXWHG7KHVXUIDFHSORWIRUWKHFXWWLQJIRUFHFRPSRQHQWVDUHVKRZQ
LQWKH)LJDQG&XWWLQJIRUFHVKDYHFXUYLOLQHDUSURILOHLQDFFRUGDQFHWRWKHTXDGUDWLFPRGHOILWWHG7DQJHQWLDO
DQGUDGLDOFXWWLQJIRUFHVGHFUHDVHZLWKLQFUHDVHLQFXWWLQJVSHHGDQGLQFUHDVHVZLWKLQFUHDVHLQIHHGSHUWRRWKDQG
D[LDOGHSWKRIFXW&XWWLQJPHWDOVDWKLJKFXWWLQJVSHHGVUHVXOW LQKLJKO\ ORFDOL]HG WHPSHUDWXUHVWUHVVHVDQGVWUDLQ
UDWHVUHVXOWLQJLQDGHFUHDVHLQFKLSWKLFNQHVV1$$EXNKVKLPHWDO+LJKO\ORFDOL]HGWHPSHUDWXUHOHDGVWR
WKHUPDOVRIWHQLQJRIWKHZRUNSLHFHPDWHULDODQGGHFUHDVHLQFKLSWKLFNQHVVDQGDOORZLQJJUHDWHUGHIRUPDWLRQUHVXOWV
FRUUHVSRQGLQJGHFUHDVHLQFXWWLQJIRUFH$VWKHIHHGSHUWRRWKLQFUHDVHVPRUHPDWHULDOZLOODYDLODEOHDWWKHFXWWLQJ
HGJHDQGLQFUHDVHLQFKLSWKLFNQHVVZKLFKUHVXOWVLQWKHLQFUHDVHLQFXWWLQJIRUFHV'XHWRWKHFRPSOH[JHRPHWU\RI
WKHEDOOSDUWRIWKHEDOOHQGPLOOLQJFXWWHULQFUHDVHLQGHSWKRIFXWLQFUHDVHVWKHD[LDOHQJDJHPHQW RIWKHFXWWLQJHGJH
ZLWKWKHZRUNSLHFHPDWHULDOUHVXOWVWKHLQFUHDVHLQFKLSWKLFNQHVVZKLFKOHDGVWRWKHLQFUHDVHLQFXWWLQJIRUFHV$[LDO
GHSWKRIFXWDQGIHHGSHUWRRWKFRQWULEXWHDQGUHVSHFWLYHO\LQWDQJHQWLDOFXWWLQJIRUFH);5DGLDO
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FXWWLQJIRUFH)<LVLQIOXHQFHGJUHDWO\E\D[LDOGHSWKRIFXWUDGLDOGHSWKRIFXWDQGIHHGSHU
WRRWK$[LDOGHSWKRIFXWLVWKHGRPLQDQWFXWWLQJSDUDPHWHUDPRQJWKHDOOIRXUSDUDPHWHUVWKDWDIIHFWVWKH
WKUHHFXWWLQJIRUFHFRPSRQHQWV)URPWKHUHVXOWLWLVIRXQGWKDWWKHUDGLDOFXWWLQJIRUFHLVVLJQLILFDQWO\DIIHFWHGE\WKH
UDGLDO GHSWK RI FXW 3UHGLFWHG DQGPHDVXUHG FXWWLQJ IRUFH FRPSRQHQWV DUH SORWWHG VKRZQ LQ WKH )LJ  3UHGLFWHG
FXWWLQJ IRUFH FRPSRQHQWV DUH LQ JRRG DJUHHPHQW ZLWK WKH PHDVXUHG FXWWLQJ IRUFH FRPSRQHQWV 7KH UHJUHVVLRQ
HTXDWLRQVIRUWKHFXWWLQJIRUFHFRPSRQHQWVDIWHUUHPRYLQJWKHVLJQLILFDQWWHUPVLQFRGHGOHYHODUHDVIROORZ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D FE
)LJ6XUIDFHSORWRIWDQJHQWLDOFXWWLQJIRUFHD)[ 9V$S9F E)[ 9VI] 9F DQGF)[ 9V$SI]
2SWLPL]DWLRQSURFHGXUHIRUFXWWLQJFRQGLWLRQVIRUFXWWLQJIRUFHFRPSRQHQWV
7KHRSWLPDOVHOHFWLRQRIFXWWLQJFRQGLWLRQVOHDGVWRWKHGHFUHDVHLQ WDQJHQWLDODQGUDGLDOFXWWLQJIRUFHVZKLFKFDQ
DYRLG WKH PDFKLQH WRRO YLEUDWLRQ DQG FXWWHU UXQRXW ,Q WKLV ZRUN RSWLPDO YDOXHV RI FXWWLQJ SDUDPHWHUV DUH
REWDLQHG E\ JHQHWLF DOJRULWKP *$ )RU WKLV PLQLPL]DWLRQ RI FXWWLQJ IRUFH FRPSRQHQWV SUREOHP PXVW EH
IRUPXODWHG7KHUHVSRQVHVXUIDFHPRGHORIWKHFXWWLQJIRUFHFRPSRQHQWV(TVDQGGHYHORSHGLQVHFWLRQ
DUHXVHGDV ILWQHVV IXQFWLRQ WRPLQLPL]H WKHFXWWLQJ IRUFH FRPSRQHQWV7KHPDFKLQLQJSDUDPHWHUVDUH IHHGSHU
WRRWKI]FXWWLQJVSHHG9&D[LDODQGUDGLDOGHSWKRIFXW$3 	$H
7KHRSWLPL]DWLRQSUREOHPFDQEHH[SUHVVHGDV
   )LQG I $ $ 9] H3 &           0LQLPL]H ) I $ $ 9 DQG ) I $ $ 9[ ] H \ ] H3 3& &
          
    PLQ  PLQ
:LWKLQ WKH UDQJHV PP WRRWK I PP WRRWK PP $ PP] 3
PP $ PP P 9 PH &
d d d d
d d d d

7KH*$ LV D VWRFKDVWLF JOREDO VHDUFK PHWKRG WKDW PLPLFV WKH PHWDSKRU RI QDWXUDO ELRORJLFDO HYROXWLRQ ,W
GLIIHUV VXEVWDQWLDOO\ IURPPRUH WUDGLWLRQDO VHDUFK DQGRSWLPL]DWLRQPHWKRGV LQ WHUPVRI VHDUFK DSRSXODWLRQRI
SRLQWVWUDQVLWLRQUXOHV*$VZRUNRQHQFRGLQJRIWKHSDUDPHWHUVDQGXVHSUREDELOLVWLFWUDQVLWLRQUXOHDQGLWGRHV
QRW UHTXLUH GHULYDWLYH LQIRUPDWLRQ DQG DQ\ RWKHU DX[LOLDU\ NQRZOHGJH 2QO\ WKH REMHFWLYH IXQFWLRQ DQG
FRUUHVSRQGLQJILWQHVVOHYHOV LQIOXHQFHWKHGLUHFWLRQRIVHDUFKDQGLWVHDUFKDSRSXODWLRQRISRLQWVLQSDUDOOHOQRWD
VLQJOHSRLQW*$VRSHUDWHRQDSRSXODWLRQRISRWHQWLDOVROXWLRQVDSSO\LQJWKHSULQFLSDORIVXUYLYDORIWKHILWWHVWWR
)LJ6XUIDFHSORW RIUDGLDOFXWWLQJIRUFHD)\ 9V$S$F E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7DEOH7KHRSWLPXPYDOXHVRIFXWWLQJFRQGLWLRQVREWDLQHGIURP*$DQGFRQIRUPDWLRQWHVWUHVXOW
&XWWLQJIRUFHV I] PPWRRWK $3 PP $H PP 9& PPLQ 3UHGLFWHGIRUFH
1
0HDVXUHG
IRUFH1
HUURU
7DQJHQWLDO
IRUFH1
      
5DGLDOIRUFH
1
      
&RQFOXVLRQ
$VHFRQGRUGHU UHVSRQVHVXUIDFHPRGHOZDVGHYHORSHGIRUSUHGLFWLQJ WKHFXWWLQJ IRUFHVDQG WKH WRROPDWHULDOZDV
$O75RWDU\FHQWUDOFRPSRVLWHGHVLJQZDVXVHGIRUGHYHORSLQJWKH56PRGHODQGWKHDFFXUDF\RIWKHPRGHO
ZDV YHULILHGZLWK WKH H[SHULPHQWDO PHDVXUHPHQW 7KH GHYHORSHGPRGHO ZDV DGHTXDWH DQG WKH ODFN RI ILW IRU WKH
PRGHOZDVLQVLJQLILFDQWZLWKLQWKHRIFRQILGHQFHLQWHUYDO,WZDVIRXQGWKDWWKHD[LDOGHSWKRIFXWLVDGRPLQDQW
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